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Variable rate flow controller. 

The rate at which a flow control valve (10) maintains flow 
under varying pressures can be adjusted by positioning a re- 
silient flow control washer (22) on a valve seat (18) and en- 



gaging the opposite surface of the washer (22) with an adjust- 
able member (34) which can be moved toward and away 
from the valve seat (18) to compress the washer in varying 
amounts and thereby alter the value at which the washer 
maintains a constant flow. 
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1 "'gfcorounfl of the Inv.nn„.. 

« controlling the rete of flow of . 

Ihe" IT''' -■'P^catlon., .„.h clothe! 
Which can be routin.lv 

- ^ate .eJtT:-":— ^ — 

..c:r i-r :i^:- ^ - - ^ 

pressure variations ranging fro„ Is"" tl Lo p^^ 

a .low o.::zv:sL:\tv'^''t '-«a»y 

pressures li.ely to encountered in the sp"ific 

p.o.e„ efLt™:-:-::: :::re:r:ft:ir"^ 

noted above, each washer n ^PPl^catxons, as 

desian.^ washer, as also indicated above, is 

aesxgned for a specific rate of flow desired, but if it is 
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necessary to operate at a different flow rate, the flow 

control washer must be exchanged for another washer 

designed to operate at that different flow rate. 

It should also be noted that there is a class of 
valves which incorporate an apertured rubber or 
rubber-like member received between two relatively rigid 
members that can be advanced toward and retracted away 
from each other to squeeze arid release the rubber part to 
change the diameter of the openinq through it* For 
example, U.S. Patents No. 1,657,663? 3,072,151? 3,095,175; 
and 3,833,019 each show constructions of this general type 
in which an attempt is made to control flow by changing 
the diameter of the orifice through a resilient valve 
element. 

It should be noted,, however, that devices of this 
type merely adjust the flow rate for a given line 
pressure, but fail to provide for pressure variations that 
may occur, so that if pressure increases with a device of 
this type, the flow rate will also increase, and 
conversely, should the line pressure decrease the flow 
rate will decrease. 

In the particular applications shown in the 
above-noted patents, flow control under varying line 
pressure may not be of sufficient importance to warrant a 
control responsive to pressure variations. For example. 
Patent No. 1,657,663 discloses a device adapted to control 
the flow of a lime emulsion or solution used for flotation 
in minerals separating apparatus. Patents No. 3,072,151 
and 3,095,175 are directed to devices for use in butane or 
propane lighters, and Patent No. 3,833,019 covers a 
quick-connect fitting for a trickle type irrigation 
system. 
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In many instances, however. It ie desirable to 
not only provide fluid flow control, that is, to provide a 
substantially constant flow rate despite variations in 
line pressure, but also to be able to fix the value of 
that flow rate at different amounts to satisfy changed 
conditions, while all of the prior art discussed above 
either provides flow control in response to pressure 
variations, or a variable flow rate without regard to 
changes in line pressure, none of the prior a^t would 
appear to provide both flow control in response to changes 
m ixne pressure and a capability of changing the nominal 
value at which the flow rate is maintained. 

Summary of the Invention 
In accordance with the present invention, flow 
control is provided which is responsive to pressure 
variations, but which also permits the value at which the 
flow is controlled to be varied as desired. 

Thus, in accordance with the present invention a 
resilient flow washer is positioned on a valve seat formed 
in a flow passage through a flow control valve and an 
adjustment device is positioned within the flow passage 
upstream of the flow control washer to engage the upstream 
face of the washer, ^nd by advancing and retracting the 
adjusting member with respect to the valve seat, with the 
25 washer engaged by both, the rate at which the flow control 
washer maintains flow through the valve can be varied over 
a range of values. 

Preferably the flow control washer is made of a 
rubber or rubber-like material compounded for the ' 
30 particular environment in which it is to function and flow 



15 



20 



. BNSDOCID:<EP P230715A1J_> 



10 



15 



20 



25 



30 



0230715 

-4- 

apertures are formed through the valve seat, flow control 
washer and adjusting inember which are concentric with " — 
respect ±o each other and with the aperture through the 
adjusting member being larger in diameter than the 
apertures through the flow washer and the valve seat, and 
the aperture through the valve seat larger than the 
aperture through the flow washer. 

In a preferred embodiment of the invention the 
flow passage upstream of the valve seat can be internally 
threaded and the adjusting member externally threaded with 
threads complementary to and in engagement with the 
threads in the flow passage, permitting the adjusting 
member to be rotated and consequently moved toward and 
away from the valve seat with the flow washer between the 
two and thus cause the rate at which the flow washer 
maintains flow to be changed accordingly. 

While a substantial portion of the surface of the 
flow washer must be exposed to flow in order for it to 
function effectively, and hence the diameters of the 
openings through the valve seat and the adjusting member 
must be substantially larger than the diameter of the 
opening through the washer, the washer must also be firmly 
supported in order to obtain a predictable control, and in 
this regard the valve seat should be substantially planar 
and lying in a plane substantially normal to the longi- 
tudinally extending flow control passage, and the compres- 
sion face of the adjusting member which engages the 
upstream face of the flow control washer should be 
correspondingly flat and also perpendicular or normal to 
the passage. 
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While both faces of the flow control washer can 
be Bubstantlally flat, in the embodiment disclosed herein 
the downstream face of the flow control washer has an 
outer peripheral portion that is flat, while an inner 
annular portion surrounding the opening through the washer 
is sloped inwardly in an upstream direction from the outer 
peripheral portion to the flow opening to provide, as will 
become apparent, an additional degree of flow control. 

It will also be noted that the thickness of the 
flow control washer should be no greater than one-half its 
outside diameter and at least twice the diameter of its 
flow opening, while the diameter of the flow opening in 
the flange which forms the valve seat is less than three 
times the diameter of the flow opening in the flow control 
washer. 

In another embodiment of the invention one or 
more secondary openings can be formed through the valve 
seat and the flow control washer outwardly of the main 
flow openings through each of these components. With this 
configuration additional flow is provided at low pressures, 
but as pressure increases, the downstream face of the flow 
control washer at the above-noted inner annular portion 
moves into contact with the valve seat, closing the 
secondary openings through these members and causing all 
flow to thereafter pass through the primary orifices and 
•the valve to thus function in the manner of the previously 
described embodiment. 

These and other features and advantages of the 
invention will become more apparent from the following 
detailed description. 
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Brief description of the accoinpanyin<^ drawings 

Fig. 1 is a cross sectional view through a flow 
control valve in accoraance with the present invention? 

Fig, 2 is an enlarged cross sectional view of a 
portion of the valve of Fig. 1; 
5 Fig. 3 is a cross sectional view through a flow 

control washer used in one embodiment of the present 
invention; 

Figs 4 and 5 are views similar to Fig. 2, but 
showing the interaction between the compojients of the flow 
10 control valve as the adjusting member is advanced toward 
the valve seat; 

Fig. 6 is a diagrammatic view setting forth the 
relationships between the various dimensions and configura- 
tions of the components of the flow control valve; 
15 Fig. 7 graphically compares flow through a flow 

control valve in accordance with the present Invention and 
a fixed orifice valve; 

Fig. 8 is a cross sectional vi^w through a second 
preferred embodiment of the present invention; and 
20 Fig. 9 is a view similar to Fig. 8, but showing 

the valve in a higher pressure configuration. 

Description of the Preferred Embodiments 
As seen in Fig. 1 of the drawings, a variable 
rate flow control valve 10 in accordance with the present 
25 invention includes a valve body 12 defining a longitudinal- 
ly extending flow control passage 14 having a radially 
inwardly projecting flange 16 defining a substantially 
planar valve seat 18 and a flow opening 20 through said 
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flange. It will be seen from Fig. 1 that the valve seat 
18 is Bubstantially planar and lies in a plane substan- 
tially normal to the longitudinally extending flow passage 

A resilient flow control washer 22 having a flow 
opening 24 therethrough and capable of maintaining a 
substantially constant flow rate by deformation in response 
to varying pressures imposed on its upstream surface 26 is 
positioned in the flow passage with its downstream face 28 
seated on the valve seat IB. 

As seen in Fig. i, the downstream face of the flow 
control washer 22 includes an outer peripheral portion 30 
which seats firmly on the valve seat 18, and an inner 
annular portion 32 which slopes inwardly in an upstream 
direction from the essentially flat outer peripheral 
portion 30 to the flow opening 24. 

An adjusting member 34 having external threads 36 
and a compression face 38 engaging the upstream face 26 of 
the flow washer is positioned in the flow passage upstream 
of the valve seat 18 with its threads 36 in engagement with 
complementary internal threads 40 formed in the flow 
passage defined by the valve body 12. 

With reference to Figs. 3 and 6 of the drawings, 
the configurations of the components of the valve and their 
relationships to each other are somewhat diagramroatically 
depicted. Thus, it will be seen that the flange 16 has a 
sloped downstream surface 42 disposed at an angle'a" with 
respect to the surface of the opening 20 through the valve 
seat, and the inner annular portion 32 of the flow washer 
22 is sloped at an angle y with respect to its outer 
peripheral portion 30. Adjusting member 34 has a surface 
44 sloping outwardly in an upstream direction at an 
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angle B with respect to the surface of a flow opening 46 
formed In the adjusting member. Length L is a theoretical 
dimension measured from the point of intersection A of 
portions 30 and 32 of the flow washer and the intersection 
of the surface of the opening 24 of the flow washer and 
its Chamfered portion 48 which extends at an angle 6 with 
respect thereto, while length I* in the undistorted state 
of the flow washer forms an angle Q with respect to the 
valve seat IB. 

F indicates the force resulting from the pressure 
differential of the flowing media against the upstream 
face of the flow washer versus the lower downstream 
pressure, while dimension Dl is the diameter of the 
opening through the flange defining the valve seat, D2 is 
the diameter of that portion of the flow washer measured 
at the point of intersection A, D3 is the diameter of the 
opening through the flow control washer, D4 is the 
diameter of the flow opening through the adjusting member 
34 and D5 is both the inside diameter of the flow passage 
14 and the outside diameter of the flow washer 22. 

With these relationships in mind and with further 
reference to Figs. 2, 4, 5 and 7, the operation of the 
valve will be described. - In Fig. 2 the flow washer 22 is 
clamped against the valve seat 16 by the adjusting member 
34 with little or no distortion of the flow washer. 
In this configuration D3 is at its nominal size, and at 
low pressures it will allow the fluid to flow at rates in 
direct proportion to the square root of the differential 
pressure divided by the specific gravity of the flowing 
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media. Fig. 7 shows a representative curve generated from 
Bernoulli's equation for flow through a fixed (inflexible) 
orifice. When the area of the orifice and the discharge 
coefficient remain constant, the values for flow at a 
given pressure will vary with the specific dimensions 
selected, and flow rates will vary In direct proportion to 
the *upstreain" pressure. 

On the other hand, with a pressure compensating 
flow control there will be an initial increase in the flow 
rate as pressure increases until the transition zone is 
reached, at which time flow will remain relatively constant 
with continued pressure increase. This compensation occurs 
in the following manner: the force F exerted by the 
flowing media against the exposed front surface of the 
flow washer causes a predictable deflection of the- washer 
which reduces the angle y and thoretical angle 6. Since 
the material properties are known, length L is used as the 
value in calculating the deflected angle using standard 
Belleville spring equations for predicting the flexure of 
a circular beam fixed at one edge. As angle y (or 6 ) 
decreases, the functional area of the orifice D3 is 
reduced. The ratio of D4 to D3 is increased, thus 
reducing the discharge coefficient. Applying Bernoulli's 
equation with these revised values, it can readily be seen 
that the flow rate calculation follows the variable 
orifice curve in Fig. 7 until angle -y has passed through 
the plane formed by the seat in the housing and has 
essentially become a negative angle with respect to its 
original position and the plane of the seat. This will 
occur at a predictable pressure once angle y has reached 
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1 the plane of the seat. Angle y continues to decrease 
until D3 reaches a minimum value* As pressure increases 
beyond this point, the diameter D3 of the orifice 
increases as e passes through 0*" relative to the seat, 
5 creating the secondary transition shown on Fig. 7. 

If a different, but still constant flow rate is 
desired, the adjusting member 34 may be advanced, as seen 
in Fig* towards the valve seat 18, causing a partial 
extrusion of the flow washer 22. As the adjusting member 

10 34 is advanced, angle y is reduced, thus constricting the 
diameter D3 of the flow opening through the washer. Dsing 
these adjusted values, the application of Bernoulli's 
equation will yield lower values for the flow and shift 
the curve of Fig. 7 from the position shown by the dashed 

15 line to the position shown, for example, by the dash-dot 
or dotted lines «r 

Further advancement of the adjusting member 34 
towards the valve seat 16 is depicted in Fig. 5 of the 
drawings, and will be seen that with the flow washer 

20 compressed to less than its original thickness significant 
extrusion of the washer into the cavity defined by the 
diameter 04 occurs. This creates a phenomena similar to 
the so-called "Borda" effect on the flow orifice, such 
that adjustability of the flow rate becomes dispropor- 

25 tionate to previous adjustment ratios. The net result of 
this shift to a Borda-like effect acts to maintain linear- 
ity of the adjustment and pressure compensation. 

Thus, with the emdodiment shown in Figs. 1-5 of 
the drawings, a variable rate flow control valve is 

30 provided which not only effects a substantially constant 
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flow rate despite variations inline pressure, but also 
permits the value at which the flow rate is €ixed to be 
varied to the rate desired. 

In Figs. 8 and 9 a second preferred embodiment 50 
is shown which finds application in situations where 
Increased flow at lower pressures is desired. Variable 
rate flow control valve 50 defines a longitudinally extend- 
ing flow control passage 52 and has an inwardly extending 
flange 54 providing a planar valve seat 56. In addition 
to a flow opening 58 formed through the flange 54 secondary 
openings 60 are also provided. 

A flow control washer 62 is seated on seat 56 and 
has a flow control opening 64 concentric with and of 
smaller diameter than the flow opening 58. Flow washer 62 
is also provided with secondary flow opening 66 which are 
nonaligned with openings 60 in the flange 54. 

Additionally, a threaded adjusting member 68, 
similar to the adjusting member 34 is received within the 
flow passage and engages complementary threads formed in 
.the flow passage so that the adjusting member 68 may be 
moved towards and away from the valve seat 56 to vary the 
value of the rate at which fluid flow is controlled, in 
the manner described above. 

As will be seen from a comparison of Figs. 8 and 
9, at low line pressures, in addition to flow through the 
openings 64 and 58, there will be secondary flow through 
the openings 66 and 60. However, as pressure increases 
the flow washer will assume the configuration shown in 
Fig. 9, effectively sealing the openings 66 and 60, and 
thereafter all flow will be through the openings 64 and 58 
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1 and the flow control valve will function In the same 
manner described above for the embodiment of Flge. 1 

through 5. 

It will be seen, therefore, that the present 

5 invention provides effective flow control and permits a 
shift in the value of the flow rate at which flow is being 
maintained. 

While the forms of apparatus herein described 
constitute preferred embodiments of this invention, it is 
10 to be understood that the invention is not limited to 

these precise forms of apparatus, and that changes may be 
made therein without departing from the scope of the 
invention which is defined in the appended claims. 
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CLAIMS 

1. In a variable rate flow control valve including a 

resilient flow control washer having a flow opening 
therethrough and capable of maintaining a substantially 
constant flow rate therethrough by deformation in response 
to varying pressure imposed on said washer, the improve- 
ment comprising: 

means defining a longitudinally extending flow 
control passage through said valve, 

a radially inwardly projecting flange defining a 
substantially planar valve seat in said passage, 

means defining a flow opening through said flange, 
said valve seat lying in a plane substantially 
normal to said longitudinally extending flow control 
passage, 

said flow control washer having a downstream face 
thereof seated on said valve seat, 

said flow opening through said flow control washer 
being substantially concentric with and of a smaller 
diameter than said flow opening through said seat, 

adjusting means received within said passage 
upstream of said flow control washer, 

said adjusting means having a compression face 
disposed substantially normally to said longitudinally 
extending flow control passage and in opposition to said 
2 5 valve seat, 

means defining through said adjusting means a 
flow opening concentric with and of greater diameter than 
said flow openings through said valve seat and said flow 
control washer, 

said compression face being adapted to engage an 
upstream face of said flow control washer, and 
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sneane for selectively positioning said adjusting 
means with respect to said flange vith said compression 
face and valve seat in engagement with said upsteam and 
downstream faces, respectively r of said flow control 
^ washer to vary the constant rate of flow maintained by 
said flow control washer. 

2. -The valve of claim 1 wherein said flow control 

washer has a thickness no greater than one half the 
outside diameter of said flow control washer. 

10 3. The valve of claim 1 wherein said flow control 

washer has a thickness at least twice the diameter of said 
flow opening of the flow control washer. 

4. 'The valve of claim 1 wherein the diameter of said 
flow opening in said flange is less than three t.imes the 

15 diameter of said flow opening in said flow control washers. 

5. The valve of claim 1 wherein said flow control 
washer has an outer peripheral portion and an inner 
annular portion surrounding said flow opening there- 
through, and said outer portion is of greater thickness 

20 than said inner portion. , 
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«. The valve of claim 5 wherein said valve seat 

contacts said flow washer only at said outer peripheral 
portion thereof. 

7. The valve of claim 1 wherein said means for 
selectively positioning said adjusting means comprises 
means defining external threads on said adjusting means, 
and complementary threads formed in said flow passage in 
engagement with said adjusting means threads. 

8. The valve of claim 1 further comprising secondary 
openings in said flange and washer in nonaligned relation- 
ship to each other. 
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1 9. In m variable rate flow control valve Including 

means defining a longitudinally extending flow control 
pa&Bage through said valve and a resilient flow control 
washer positioned in said passage, having a flow opening 
5 therethrough and capable of maintaining a substantially 
constant flow through said passage by deformation of said 
washer in response to varying pressure imposed on an 
upstream face thereof the improvement comprising: 

a radially inwardly projecting flange positioned 

10 in said passage and defining a valve seat lying in a plane 
substantially normal to said longitudinally extending flow 
control passage and having a flow opening therethrough of 
greater diameter than said flow opening in said washer, 
said flow control washer having an outer 

15 peripheral portion of greater thickness than an inner 

annular portion surrounding said flow opening therethrough 
with said outer portion seated on said valve seat, 

means defining internal threads in said flow 
control passage upstream of said valve seat, 

20* externally threaded adjusting means positioned 

within said flow control passage with said internal 
threads complementary to and in engagement with the 
external threads on said adjusting means for movement of 
said adjusting means relative to said valve seat, 

25 means defining through said adjusting means a 

flow opening concentric with and of greater diameter than 
said £low openings in said washer and valve seat, and 

said adjusting means having a compression face in 
engagement with an upstream face of said flow washer, 

30 whereby said washer may be compressed between said adjust- 
ing means and ;^aid seat to thereby vary the value at which 
flow is maintained through said valve. 
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FIG -7 
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